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ABSTRACT
Organic waste management is essential not only in turning waste 
into wealth but more importantly in improving environmental 
quality and health, and contributing to sustainable crop production 
when it is recycled in the agricultural sector. The agricultural sector 
in Malaysia produces a tremendous amount of waste which has 
traditionally been burnt or simply dumped (a common practice 
till now) making it a source of greenhouse gas emissions and 
other environmental problems which affect human health. More 
recently, due to the prohibition of open burning of organic wastes, 
it has become a trend to convert wastes into wealth, i.e. value 
added products. Research has escalated to investigate various 
technologies with the aim of reducing waste through good waste 
management practices, i.e. recycling in agriculture or conversion 
into useful products for commercialization. However, returning 
organic wastes back to agricultural land simply by mulching (e.g. 
oil palm empty fruit bunches (EFB) applied fresh from the mill or 
as processed EFB mats to newly transplanted palms and mature 
palms) or incorporation of crop residues into soils after harvesting 
contributes to recycling of nutrients and organic matter back 
into soils, thus building up soil quality and health, prevents land 
degradation and increases soil productivity. Composting of organic 
wastes (not limited to agricultural wastes) reduces the bulk of the 
wastes and concentrates nutrient contents. This process not only 
converts the wastes into value-added products such as organic 
fertilizers, soil amendments and soilless potting media but also 
avoids wastes being exposed to the environment and vulnerable 
to greenhouse gas emissions (nitrous oxide and methane) and 
pollution of natural resources (leaching into groundwater and 
surface run-off into surface waters).  The use of soilless potting 
media derived from organic wastes could partially or totally replace 
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the use of peat which is a slowly renewable resource. Apart from 
this, there has been an increase in interest, in the last decade, in 
transforming organic wastes into biological charcoal or biochar 
under controlled conditions, such as pyrolysis and gasification, with 
the main objective of using it as a soil amendment in agricultural 
land, particularly for naturally infertile or degraded soils. Biochar 
contains carbon that is potentially resistant to microbial degradation 
and has dual functions. Firstly, biochar improves soil quality and 
crop productivity due to its high porosity and sorption properties. 
Secondly, biochar increases carbon storage or sequestration in soil 
thus reducing carbon dioxide in the atmosphere and mitigating 
global warming and climate change. 
 Sustainable management and recycling of organic wastes in 
agriculture is a holistic approach which should be pursued not only 
with the sole objective of converting wastes into wealth but more 
seriously for its various benefits to crop production, the environment 
(clean water and air, and balanced carbon cycle) and, ultimately, 
human health.
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INTRODUCTION 
In the 20th century, as the world population continues to grow and 
become more urbanised and affluent, the production of wastes has 
increased tremendously. It is predicted that by the year 2025, the 
world population will reach 7.65 billion, from the current 7.05 
billion people, with waste production almost doubling from 3.53 
million tons per day to 6.07 million tons per day (Hoornweg et al., 
2012). Many developing countries in the Asia-Pacific region already 
face critical problems with regard to waste management and the 
quality of the environment (Nadi et al., 2011). Rapid urbanization 
and economic growth in the region has resulted in a corresponding 
increase in solid wastes that municipal governments are finding it 
difficult to dispose off because most of the existing dumpsites have 
or nearly reached their maximum capacity and finding land for 
new dumpsites is becoming increasingly difficult. Other problems 
include: insufficient government prioritisation and support, lack of 
finance, inadequate long-term planning, indiscriminate disposal of 
wastes, poor handling and disposal of hazardous and biomedical 
wastes, insufficient recycling and reuse, lack of skilled personnel, 
and poor monitoring and enforcement. 
 Solid waste generation in Malaysia recently reached a crucial 
stage, especially in terms of the amount and composition. With waste 
generation increments of 3% per annum due to urban migration, 
affluence and rapid development, Malaysia is left with no choice 
but to find ways to manage its waste disposal more efficiently and 
immediately if it wants to safeguard its environment from harmful 
effects (Syed, 2010). 
 Generally, solid wastes consist mainly of organic materials 
such as food waste (45%), followed by plastic (24%), paper (7%), 
iron (6%) and glass and other materials such as wood (3%) (Ninth 
Malaysia Plan, 2006; Fauziah et al., 2007). Currently the per capita 
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generation in Peninsular Malaysia is nearly 1.2 kg of municipal 
waste (MSW), amounting to 19,000 tonnes of waste per day, and 
it is set to rise to 30,000 tons daily by 2020 (Zamali et al., 2009). 
Besides municipal solid waste, a large amount of waste is generated 
from agriculture, an important sector in Malaysia’s economic 
development. More than 2 million tons of agricultural wastes is 
produced annually (Wan Azlina et al., 2011). Major agricultural 
residues are generated from oil palm and rice cultivation (Figure 
1). 
Figure 1 Biomass residues produced from various industries in 
Malaysia. 
(Source: Hasan and Shirai, 2003)
 The oil palm sector is the largest agriculture sector and hence the 
major contributor to agricultural residue generation in Malaysia. In 
2012, oil palm cultivation in Malaysia was estimated to cover around 
5.08 million hectares, with an average production of 18.89 tons of 
fresh fruit bunch (FFB) per hectare (MPOB, 2013). The major by-
products from palm oil extraction are empty fruit bunch (EFB), palm 
kernel shell, fibre and POME. Rice is the other main generator of 
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agricultural waste, mainly in the form of rice straw and rice husk. 
In 2011, 2.578 million metric tonnes of paddy was harvested from 
687,940 hectares of rice fields in Malaysia, producing 1.66 million 
metric tonnes of rice (DOA, 2012). Lim et al,. (2012) reported that 
for every kilogram of paddy harvested, 0.41-3.96 kg of rice straws 
and 0.20-0.33 kg of rice husks are produced.
Table 1 Major biomass residue generation in Malaysia 
Industry Type of Residue
Amount Generated
(‘000 tonnes)
Oil Palm
EFB 15,701
Fiber 9,447
Shell 4,211
Others (POME) 51,990
Paddy
Rice Husk 471
Paddy Straw 856
Sugar Bagasse 356
Wood
Sawn Timber 1,692,718 m3
Plywood and Vencer 121,000 m3
Moulding 75,600 m3
Source: APEC, 2007
PROBLEMS RELATED TO SOLID WASTES
Improper management of solid wastes, especially in landfills, 
can have negative impacts such as leachate contamination of 
surface and groundwater, pest infestation and health problems and 
emission of greenhouse gasses (Fauziah and Agamuthu, 2005). The 
contamination by leachates from landfills of water bodies can cause 
serious water and land pollution. For example, in 2010, leachate 
contamination from a landfill in Semenyih caused the closure of 
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the nearby water treatment plant due to high ammonia levels being 
found in the water supply leading to water supply disruption for a 
million consumers (The Star, 2010). The threat of contamination 
from landfills is very serious as only 12 out of over 300 MSW 
disposal sites in Malaysia are sanitary landfills with proper leachate 
collection and treatment facilities (Fauziah and Agamuthu, 2005). 
Agricultural activities and agro-based industries are also a major 
source of water pollution, from the processing of palm oil, rubber, 
pineapple, tapioca, sugar, sago and, to some extent, paper and pulp 
manufacturing.
 Greenhouse Gas (GHG) Emissions originate in situations 
where biodegradable wastes deposited in landfills produce methane, 
a GHG which is 21 times more potent than carbon dioxide. Between 
60 and 80 per cent of municipal solid waste in Asia’s developing 
countries consists of organic material. This waste is currently sent 
to landfills and dumps where it contributes to a large amount of 
GHG emissions every year (Table 2). 
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SOLID WASTE MANAGEMENT PRACTICES
There are several methods used for managing MSW, with the most 
popular being landfilling, recycling and waste to energy conversion 
(i.e. incineration) (Figure 2). For agricultural waste such as EFB 
and other oil palm by-products, it is conventionally recycled via 
incineration, mulching in oil palm estates and composting (Menon 
et al., 2003; Sumathi et al., 2008; Baharuddin et al., 2009; Rosenani 
et al., 2011).
Figure 2: Disposal of total Global MSW according to disposal 
methods. 
(Source: Hoomweg et. al, 2012)
 Landfilling of solid wastes remains the most widely used waste 
management method as it can handle bulk quantity. However, such 
operations are costly and increasingly questioned by communities 
concerned about the potential long term risks and aesthetics 
associated with having a landfill in their neighborhood. Incineration 
solves the bulk issue and long residence time of organic wastes with 
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2 beneficial outcomes, i.e. energy generation and mass reduction. 
Agricultural wastes such as EFB were traditionally incinerated in 
the mill as fiber fuel which caused severe air pollution problems. 
Consequently the introduction of the Malaysian Environmental Air 
Quality Regulation in 1978 prompted mills to look for alternative 
waste management methods. 
 Nutrient recycling via mulching and composting is the current 
approach whereby organic wastes from agricultural activities, such 
as crop residues, etc., are recycled in various ways such as mulching, 
composting and charred. The advantage of recycling organic wastes 
includes positive replacement of chemical fertilizers with organic 
based fertilizers, less soil and water pollution, lower greenhouse 
gas emissions and improved soil sustainability. 
 The incorporation of agriculture wastes as useful by-products 
for agricultural activities has been carried out and studied in 
Universiti Putra Malaysia (UPM) over the past few decades. 
These research studies on amending organic matter into infertile 
or degraded tropical soils to enhance plant and soil productivity 
encompasses various crop residues, such as groundnut, oil palm 
and rice.
❚❘❘ 10
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INCORPORATION OF CROP RESIDUES INTO SOIL 
FOR NUTRIENT CYCLING AND SOIL AMENDMENT
Sustainability has been a major concern for agriculture in the last 
few decades. The dependency on inputs such as chemical fertilizers 
and pesticides have had a harmful impact on the environment and 
human health, leading to the introduction of agronomic practices 
aimed at reducing such chemical inputs while maintaining or 
enhancing crop yield and soil health. The incorporation of crop 
residues into soil not only promotes nutrient recycling, but also 
improves soil fertility by adding soil organic matter.
 In a field experiment under a crop rotation system of maize (Zea 
mays L.) and groundnut (Arachis hypogaea), the incorporation of 
crop residues was shown to improve recovery of applied N in the 
soil and crop, in comparison to the treatment where crop residue was 
removed (Rosenani et al., 2003; Mubarak et al., 2003a; Mubarak et 
al., 2003b; Dourado-Neto et al., 2010). Significant positive effect 
of crop residues on N retention was observed at 15- to 30-cm soil 
depth in subsequent crop cycles (Figure 3). The study also showed 
that the gradual beneficial effects of crop residue incorporation 
can be observed in the  long term, where after two years, there was 
significant increase in soil exchangeable K and available P, and 
cation exchange capacity (CEC) (Mubarak et al., 2003d). 
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Figure 3: Recovery of 15N in the soil and plant over five cropping 
cycles. The treatments recommended are inorganic fertilizer with 
crop residues (T1), and recommended inorganic fertilizer without 
crop residues (T2). 
(Source: Rosenani et. al, 2003)  
Figure 4: Maize residue-N recovery (%) in the soil during 
decomposition. 
(Source: Source: Rosenani et. al, 2003)
 This study also found that there must be good synchrony 
❚❘❘ 12
Waste to Health
between crop residue incorporation and the next planting cycle to 
ensure optimum uptake, as otherwise nutrients released from the 
crop residue would be lost through leaching with no significiant 
effect on subsequent crop yields (Rosenani et al., 2003; Mubarak 
et al., 2003c). Nitrogen mineralization from maize residues was 
found to be quite rapid, from 4 to 8 weeks after incorporation 
due to the hot, humid conditions (Figure 4). In the humid tropics, 
unless the fallow period is short (i.e. 4 to 6 weeks), incorporation 
of crop residues after harvest would not benefit the subsequent 
crop significantly due to rapid decomposition and release, and 
loss of nutrients through leaching. However, in a rain-fed area it is 
sometimes inevitable that fallow periods are long (i.e. more than 6 
weeks depending on the rainfall), thus affecting the availability of 
nutrients released from the incorporated residues of the previous 
crop. However, addition of organic materials into the soil, in the 
form of crop residue or animal manure, may have positive effects 
on emission of nitrous oxide, a greenhouse gas (Khalil et al., 2001; 
Khalil et al., 2002).
 
APPLICATION OF OIL PALM EMPTY FRUIT BUNCH 
AS MULCH
Mulching is an important agronomic practice that can help 
in retaining moisture, protection of soil surface from erosion, 
regulating soil surface temperature, reducing nutrients leaching 
from fertilizers and weed control. Besides adding organic matter 
to the soil and improving soil fertility, it reduces chemical fertilizer 
costs and aids in waste management.  EFB has been recycled as 
mulch and a source of nutrients in oil palm fields and also other 
crops, such as in orchards. However, documented information of 
the effects of such practice on soil properties, especially in the 
long term, is rare. Field trials carried out earlier in plantations, 
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mainly focused on plant growth parameters and yields. Thus, a 
long-term field trial was established in an estate under Golden Hope 
Plantations Sdn. Bhd. to investigate the long-term effects of 3 rates 
of EFB application, from 1982 to 1993 (Rosenani et al., 2011a). In 
this trial the EFB was applied in a heap in the middle of four palms 
(Plate 1), as most of the palm roots grow out radially for quite a 
distance. A study by Zaharah et al., (1989) showed that oil palm 
roots grow out radially and laterally by up to 36m and may absorb 
nutrients from the entire soil area between the palms. The feeder 
roots of the palm also tend to concentrate in areas of high organic 
matter and moisture. The recommended treatments  were chemical 
fertilization and zero EFB application rate (CHEM), 150 kg EFB 
palm-1 year-1 (EFB150) and 300 kg EFB palm-1 year-1 (EFB300) 
applications. The treatments with EFB application were not 
accompanied by application of chemical fertilizers. The cumulative 
addition of EFB significantly increased soil pH, organic C, total 
N, CEC and exchangeable bases while reducing exchangeable Al 
content (Figure 5). The overall yield response during the 10 year-
period showed that EFB150 treatment was comparable to CHEM 
while the FFB yield of the EFB300 treatment was significantly 
higher than that of the EFB150 and CHEM treatments. The EFB 
application improved soil fertility and sustained crop production in 
the long term. This study also showed that the application of EFB 
improved soil chemical properties (organic C, soil pH, CEC and 
exchangeable bases) over the ten year period. Application of EFB 
over the 10 year-period also significantly increased total N content 
in the 0–40 cm soil layer in the EFB300 plots while no significant 
difference was observed between the CHEM and EFB150 plots. 
Rosenani and Hoe (1996) also reported an increase in soil pH and 
availability of K, Ca and Mg in soils applied with EFB mulch, even 
after a short period of 15 weeks of decomposition. EFB naturally 
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decomposes rapidly and loses up to 50% dry matter weight within 
15 weeks after application with rapid release of K, particularly 
when accompanied by chemical fertilizer application (Rosenani 
and Hoe, 1996; Rosenani and Wingkis, 1999).   
Plate 1  Oil Palm EFB applied in a heap in the middle between 4 oil 
palm trees in an EFB treatment plot
 (Source: Rosenani et. al, 2011a)
 Applying EFB as a mulch and nutrient source in the oil palm 
field near the palm oil mill is a good and practical alternative method 
for the disposal and management of palm oil wastes. The application 
of EFB improves soil fertility and sustains crop production in the 
long-term. In practice, the planter may apply the lower rate of EFB 
over a bigger palm area and reduce fertilizer costs while maintaining 
the FFB yield or apply a higher rate over a smaller area nearer to 
the mill to reduce transportation costs and produce a slightly higher 
yield. 
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Figure 5: Mineral nitrogen in the 0–20 cm soil layer (a) and 
mineralizable nitrogen in the 0–20 and 0–40 cm soil layers, (b) as 
influenced by 10 years application of chemical fertilizers (CHEM), 
150 kg EFB palm-1 year-1 (EFB150) and 300 kg EFB palm-1 year-1 
(EFB300). Horizontal bars indicate standard deviation. Means followed 
by the same letter are not significantly different at 5% level 
by Duncan’s Multiple Range Test. 
(Source: Rosenani et. al, 2011a)
 
 Returning unprocessed EFB to the field as a mulch and source 
of nutrients in oil palm fields is currently a common practice. 
However, the EFB in its natural form is heavy, thorny and bulky 
and cannot be stored. Hence, for logistic reasons, the EFB needs to 
be transformed into a form that is convenient and economical for 
mulching of oil palms and possibly, other crops. The conversion 
of EFB into a mulch mat was studied to determine its potential use 
for nutrient retention on sandy tin tailing soils during transplanting 
of timber plants (Wan Asma, 2006; Wan Asma et al., 2011). Sand 
tailings from past tin mining activities represent one of the main 
problem soils in Malaysia for agricultural and forestry activities due 
to its porous nature. Results of the study showed that laboratory and 
commercially produced EFB mulch with a combination of chemical 
fertilizers were able to reduce nutrient leaching, although it did not 
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improve the soil nutrient concentration of the sand tailings. The 
cumulative volumes of leachate collected were significantly lower 
for treatments with mat application compared with the control 
treatments. The organic mulch layer on top of mineral soils helped 
retain a major part of soil moisture for plant uptake by reducing 
water loss through flowing down through the sandy soil. The study 
also showed that incorporating fertilizers inside the mulch mat 
could be the best way to reduce fertilizer nutrients loss in such soils 
(Table 3). The EFB mat was slow in decomposing and was able to 
function as a mulch and remain intact for the four month duration 
of the study.  
Table 3  Percentage of total N leached corresponding to total N input in 
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COMPOSTING OF ORGANIC WASTES FOR USE AS 
SOIL AMENDMENT, FERTILIZER AND POTTING 
MEDIA
Composting is a very popular process in the management of organic 
solid wastes because: (a) it reduces the volume; (b) microorganisms 
are destroyed during composting; and (c) the end product is rich 
in nutrients content (Kulhman et al. 1989). Compost can be used 
as fertilizer, organic soil additive and crop substrate due to its 
high nutrient composition which is essential for plant growth 
(Muhammad, 2000). Application of compost as fertilizer to the soil 
has shown improvement in soil chemical and physical properties 
and crop performance. (Hussein et al., 2006). Currently, very 
limited choices of potting media are available in the market, i.e. 
mainly peat, coconut coirdust (CCD) and red clay soils. Peat is one 
of the traditional organic materials used extensively in ornamental 
horticultural industries to prepare potting planting media. However, 
peat is a finite resource and large scale peat extraction causes 
environmental damage (Barber, 1993; Buckland, 1993). Compost 
can be a partial or complete substitute for peat in horticulture. 
Compost as Potting Media
Co-composting of oil palm wastes, particularly the empty fruit 
bunch (EFB), frond and trunk, with sewage sludge could potentially 
be converted into a value added product. Kala et al. (2009) 
conducted a study on co-composting of different oil palm wastes 
with sewage sludge for use as potting media for ornamental plants. 
They found oil palm trunk with sewage sludge at 4:1 ratio to be 
the most optimum compost for potting media for ornamental plants 
because of its texture that is similar to peat and its high nutrient 
content (2.05 % N, 0.64 % P, 1.39 % K, 0.71 % Ca, 0.23% Mg, 
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pH 6.2 and low C/N ratio, 19) (Table 4). The nutrients were within 
the recommended levels of the Council of European Communities 
(CEC, 1986). The oil palm trunk-sewage sludge compost (OPTSC) 
was tested for potted chrysanthemum production where it was 
found that the OPTSC could be used as a soilless potting medium 
with Agroblend (a slow release fertilizer), as a complete or partial 
substitute for peat with reduced fertilizer costs (Kala et al., 2012). 
This finding could contribute to converting oil palm waste and 
sewage sludge into a value-added product and reduce dependency 
on peat, which is a finite resource, as a potting media. Another 
study was carried out by Zikri (2005) to investigate the use of 
oil palm waste compost as soil amendment in Serdang series 
soil polybag media for oil palm seedling growth in the first stage 
nursery. Seedlings in a medium with 60% compost (lowest bulk 
density, highest water retention and pH value 6.7 – 7.4) with full 
and half recommended rate of compound fertilizer showed good 
growth performance. 
❚❘❘ 20
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Compost as Organic Fertilizer
Organic and sustainable farming systems require organic fertilizers 
as an input to sustain soil fertility. As organic fertilizers (OF) 
are complex and variable appropriate selection is important as 
they have a direct influence on the organic produce. A study was 
initiated to investigate the properties of a range of commercially 
available organic fertilizers in Malaysia (Kala, et al., 2011). Thirty 
five commercially available OFs were obtained from Klang Valley, 
Selangor and Seremban. The OFs were grouped into oil-palm 
waste based (OP), plant based (P), manure based (M), plant and 
manure based (P+M), vermicompost (VC) based on the method 
of composting, and unknown (UKN) when the source of material 
was not known (either from the labels or the suppliers). Table 5 
shows that there was vast variability in the chemical characteristics 
and nutrient contents of the fertilizers. It is recommended that the 
Department of Agriculture (DOA) have proper guidelines on the 
quality of OFs used in the organic farming systems in Malaysia, 
especially in standardizing the term ‘organic’ and information on 
the labels. 
 Another form of composting is vermicomposting, which 
is the production of compost using earthworms to break down 
organic wastes (feedstock) and turn them into vermicast.  The 
vermicomposting production process is much faster as compared 
to composting,, ranging from 2 weeks to 1 month (depending on 
the type of feedstock), Vermicomposting also uses up less space 
as the bins can be stacked and it requires no heavy machinery. 
Vermicomposting can be carried out to dispose and convert 
agricultural waste into a useful substance. A study was conducted 
to study the potential of vermicomposting sago waste (Rosenani et 
al.,2011). Production of sago starch in Malaysia is 40 000 – 50,000 
metric tonnes/year from an area of 33,000 ha of sago palms. Sago 
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wastes include palm fronds, tree bark and sago pith waste. The 
palm fronds are commonly used as animal feed, the tree bark as 
fire starters while the sago pith waste is disposed off in the river. 
So, converting sago pith waste (SPW) into vermicompost can be 
one of the solutions to sustainable management of sago waste. 
The study showed that vermicompost produced from sago pith 
wastes can have high nutrient contents (Table 6). Selected SPW 
vermicomposts when used as a fertilizer for maize (as a test plant) 
showed improved plant growth performance and nutrient uptake 
when compared with chemical fertilizers.
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BIODEGRADABLE PACKAGING MATERIAL (BDPM) 
AS PLANTING MEDIUM
Polystyrene  is  one  of  the  most  widely  used  food  packaging 
materials  in the form of disposable  plates and containers, with 
global production and consumption of polystyrene (all grades) in 
2009 estimated to be approximately 14.4 to 14.9 million metric 
tons (World Petrochemical Report, 2010). The usage of polystyrene 
is not environmentally friendly as it is made from non renewable 
sources and takes hundreds of years to degrade.  The styrene 
compound in polystyrene is carcinogenic and can cause cancer in 
the long term. Currently, there is great demand  for  biodegradable 
packaging  materials  which  is  more  environmentally  friendly to 
replace polystyrene. Biodegradable packaging materials (BDPM) 
are packaging materials which can degrade within a period of six 
months.  In Malaysia, initiatives have been taken to produce plant-
derived biodegradable packaging materials especially from EFB, 
tapioca starch and sugar cane bagasse.  So far, only EFB derived 
packaging materials are commercially available in the market. Since 
these materials are plant-based and rich in nutrients, they can be 
allowed to decompose in soil and the nutrients may be recycled into 
the soil to be used as a planting media instead of being sent to a 
landfill. During the composting process, a genuine biodegradable 
plastic will be converted into carbon dioxide, water and compost, 
without leaving behind any persistent or toxic residue (Unmar et 
al., 2008). However, such products are still a novelty, with no prior 
research available to study its feasibility. A trial was initiated to 
study the chemical composition of the locally produced BDPM and 
determine the rate of decomposition and effects on soil properties 
of the BDPM in soil, with the objective of using it as a medium for 
potted plants (Palani et al., 2011 ; Palani et al., 2013).
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In  the  first  study,  the micronutrient  concentrations  in  all  of  the 
BDPMs  were  found to be below  the  permitted  concentrations, 
according to Korean standards, for compost. Tables 7 and 8 show 
the results of the characterization of the macro and micronutrients 
of the BDPMs used in this study. The second study which was the 
observation during the degradation period shows that there were 
significant changes in the appearance of the BDPMs.  These  changes 
include  the  texture  of  the  plates  which  became  soft  and  soggy, 
appearance  of  mold  and  porous  surface.  The  observation  done 
through  SEM  shows  that  the  fibers  that made  up  the BDPMs 
became  porous  at  the  end  of  the  allowed  degradation  period. 
All  the  BDPMs  showed  an  increase  in temperature  where  the 
treatment  with  5  whole  plates  showed  a  maximum  increase  of 
30.6°C  in  the  16th  week  of degradation in soil. This pattern was 
followed by CO
2 
efflux from the soil where it showed an increasing 
trend to a maximum of 512 mg CO
2
 m-2h-1due to microbial activity 
in the soil .The efflux rate subsided to average value higher than 
the ambient level of 398 mg CO2 m-2h-1 showing that degradation 
is still going on in the soil.
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Table 7  Characterization of macronutrients in Biodegradable 
disposable food and beverage packaging materials made from EFB, 
tapioca and paper. (n=3) 
Parameters Paper EFB Tapioca
pH 7.83a 7.57a 5.13 b
C (%) 47.17c 51.57a 49.34b
N (%) 0.18b 0.33a 0.16b
C/N 257b 158c 307 a
Ca (%) 2.15ª 1.38b 0.85c
Mg(%) 0.39ª 0.21b 0.03c
K(%) 0.18a 0.18a 0.13a
(Source: Palani et al., 2013)
Table 8 Characterization of micronutrients in biodegradable disposable 
food and beverage packaging materials made from EFB, tapioca and 
paper. (n=3)
Parameters 
(mg kg-1) 
Paper EFB Tapioca 
Pb 1.97c 6.09a 5.37b 
Cd 0.77a 0.50a 0.80a 
Mn 7.67b 14.33a 1.33c 
Zn 8.00b 18.67a 3.67c 
Fe 205b 716a 16c 
Cu 3.93ab 5.33a 2.37b 
Cr 0.28a 0.08c 0.11b 
Al 172b 319a 7.00c 
Ni 5.95a 0.48c 1.42b 
(Source: Palani et al., 2013)
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CONVERSION OF AGRICULTURE WASTES INTO 
BIOCHAR 
In the last decade, the idea of converting waste into biochar 
has been gaining popularity around the world. This carbon-rich 
material is made from biomass or plant material that undergoes 
thermal decomposition called pyrolysis, in little or absence of 
oxygen conditions. Biochar is very stable in soil for a very long 
time, helps sequestrate carbon and has numerous ways to improve 
soil conditions. The idea of producing and applying biochar came 
from the practice of Terra preta de Índio (Indian black earth in 
Portuguese) in the Amazon. The soil is dark and very fertile when 
compared to the soil surrounding the site, which is less fertile 
brown earth, called terra mulata. The high fertility is due to the high 
concentrations of recalcitrant (stable) charcoal produced from the 
remains of cooking and firing pots or middens (domestic wastes like 
animal bones, human excrements and kitchen wastes), Till today, 
terra preta soils are still fertile enough to be excavated and sold as 
potting media in Brazilian markets.
 Biochar incorporated soil generally shows positive yield 
responses for a wide range of crops and plants. The positive 
response is due to both the direct and indirect nutrient properties 
of biochar (Lehmann and Joseph, 2009). Biochar with high 
mineral content provides additional nutrients to crops, while its 
nutrient retention properties reduce loss of nutrients provided by 
fertilizers, resulting in higher fertilizer efficiency. There are several 
different mechanisms associated with their proposed retention of 
nutrients and leaching behaviors. Amongst these are the negative 
surface charge on biochar that have direct electrostatic attraction 
toward positively charged ions, retaining cations and thus reducing 
leaching (Liang et al., 2006), increase in microbial activity and 
nutrient cycling (Steiner et al., 2008), or improved soil water 
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holding capacity. Biochar production and application in agriculture 
is currently being promoted worldwide and is a part of national 
policies in many developed countries as it is accepted scientifically 
to be the method with the highest potential for mitigation of climate 
change. 
 Currently in UPM, there are various research studies being 
conducted to study various types of biochar and their potential as 
soil amendment for Malaysian soils to improve crop productivity. 
Several field trials are in progress.
Improvement of soil fertility and carbon sequestration in highly 
weathered acidic soils for sustainable production of vegetables 
using EFB biochar
A study was carried out to investigate the potential of EFB biochar 
soil amendment in improving crop yield and soil chemical properties 
(Rosenani et al., 2011b; Rosenani et al., 2012; Tan et al., 2012). 
The study was carried out in two phases: (i) a glasshouse container 
trial using sweet corn; and (ii) field trial with Amaranthus viridis 
(Plate 2). The objective of the study was to investigate the potential 
of locally produced EFB biochar in improving crop yield, nutrient 
uptake and soil properties. The treatments involved four different 
EFB biochar application rates: 0- (BC
0
), 10- (BC
10
), 20- (BC
20
), and 
30 (BC
30
) t/ha. For the sweet corn container experiment, leachate 
was also collected to determine the effect of the EFB biochar 
amendment on fertilizer nutrient leaching. Application of EFB 
biochar was found to be able to significantly reduce the amount 
of nutrient (N, K, Ca, Mg) leached out by rainfall (Table 9). Fresh 
biomass of sweet corn in treatments with EFB biochar application 
was shown to be 18 – 24% higher as compared to treatment without 
EFB biochar. Meanwhile, the incorporation of empty fruit bunch 
biochar showed significant increase in fresh weight of Amaranthus 
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viridis under organic production systems with poultry manure used 
as the organic fertilizer. However, the increase in biochar rate was 
not shown to significantly increase fresh weight of the crop. 
Table 9  Effects of EFB biochar soil amendment on total nutrients 
leached during the plant growth period of 56 days. 
Biochar Mineral N Soluble K Soluble Ca Soluble Mg
(t/ha) (mg/container)
0 10076 ± 1460a  4449 ± 175a 4307 ± 64a 4259 ± 285a
10  6466 ± 581b  2417 ± 211b 2453 ± 236b  2334 ± 434b
20  4402 ± 460c  1143 ± 113c 1113 ± 105c 1088 ± 116c
30  3447 ± 193c   508 ± 58 d  495 ± 22d   533 ± 60d
(Source: Rosenani et al., 2012)
*Means followed by the same letter within columns are not significantly different using 
LSD test, P= 0.05.
Plate 2  Effect of EFB biochar application on the growth of 
Amaranthus viridis according to treatments 
(Source: Tan et al., 2012)
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Use of biochar in rice cultivation on acid sulphate soil
Problematic soils are found throughout the world. One of the best 
examples in our country is the acid sulphate soil. Acid sulphate 
soil is well-known for its extreme acidity (pH < 4), caused by 
the oxidation of the pyrite (FeS
2
) mineral when the soil water is 
drained. High acidity not only creates a rather extreme condition 
for most industrial crops, the acidification process also brings forth 
the release of aluminium ions (Al3+) from clay minerals, which 
later causes toxicity to most plants and other aquatic organisms. 
Amendment with biochar has shown the ability to elevate soil pH 
significantly, thus improving crop yields. A research on biochar 
soil amendment in an acid sulphate soil cultivated with rice showed 
that application of 10 t/ha of empty fruit bunch biochar resulted 
in significant increment of soil pH, and reduction of available 
aluminium in the acid sulphate soil (Rosenani et al., 2013). Biochar 
also shows interaction effects when incorporated with organic 
fertilizer, with increase in soil pH and carbon (Table 10). Rice yields 
showed a positive increment of up to 476%, together with overall 
plant height, number of tillers, percentage of filled grain, weight 
of 1000 grains and dry biomass, as compared with the control, at 
the application rate of up to 20 t/ha of biochar.
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Table 10  Effect of EFB Biochar Application on Soil pH and Organic 
Carbon Content 
Crop Cycle Treatment pH C (%)
Second Crop
BC0 5.11 B* 1.32 C
BC10 5.63 B 1.81 B
BC20 6.21 A 2.23 A
Third Crop
BC0 5.24 B 1.58 B
BC10 5.36 B 1.60 B
BC20 6.22 A 1.90 AB
Conventional 4.92 B 2.18 A
(Source: Rosenani et al., 2013)
*Means sharing the same letters in a column for each crop cycle are not significantly 
different at P<0.05.
Sustainable biomass production of hempedu bumi (Andrographis 
paniculata) through enhancement of soil health with compost 
and biochar
This study was initiated to investigate the potential of compost 
and biochar soil amendment in an organic production system of 
Andrographis paniculata or locally known as hempedu bumi. The 
study was carried out in a glasshouse pot trial using a combination 
of 3 EFB biochar rates (0, 15, 30 t/ha) and 4 organic fertilizer rates 
(0, 100, 200, 300 kg N/ha). The experiment showed significant 
interaction effects of biochar with organic fertilizers on plant 
height, number of branches, root biomass and photosynthesis rate 
(Nurulhasanah et al., 2013) (Figure 6). Plant growth parameters, 
soil pH and soil carbon were shown to increase with increasing rates 
of biochar and organic fertilizer applied. Both biochar and organic 
fertilizers promise an improvement of soil physical and chemical 
properties that enhance uptake of nutrients by crops due to improved 
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soil nutrient availability (Husk and Major, 2011), thus increasing 
crop growth performance (Masulili et al., 2010; Sarah et al., 2013).
Figure 6 Relationships between three rates of biochar application and 
shoot dry weight of A. paniculata when organic fertilizers were applied 
at 0 kg N/ha (    ), y = 12.34+ 1.42x – 0.03x2, R2 = 0.67; 100 kg N/ha    
(  ), y= 20.24+ 0.53x, R2 =0.65; 200 kg N/ha (   ), y= 25.93 + 1.24x – 
0.03x2, R2 =0.41; and 300 kg N/ha (   ), y= 29.19+ 1.21x – 0.03x2, R2 = 
0.72. Optimum rates = 20 t/ha biochar; 300 kgN/ha fertilizer.
Characterization of locally produced biochar for carbon 
sequestration in Malaysian agriculture soils
The characteristics of biochar depend on the feedstock and pyrolysis 
process used during production. Different feedstocks and production 
processes will produce biochar with differing properties as shown 
by Spokas and Reicosky (2009) and Demirbas (2004). As such, each 
individual biochar has to be characterized differently. In Malaysia, 
potential feedstocks for biochar production are the abundant 
agriculture wastes such as rice husk in rice mills and oil palm 
empty fruit bunch (EFB) from palm oil mills. Being a recent novelty 
in Malaysia, the locally produced biochars have not been fully 
characterized as yet. A study was thus carried out to characterize 
❚❘❘ 34
Waste to Health
the various biochars that are being produced commercially and also 
in the laboratory. The study is currently still in progress.
Reduction of greenhouse gases and nitrogen fertilizer loss from 
agriculture land using biological charcoal (biochar) as a soil 
amendment.
There is limited information available on the mechanisms of EFB 
biochar in retaining nitrogen fertilizers or reducing N leaching, 
especially nitrate NO
3
-, since it is negatively charged. Further, there 
is also a great lack of information on its effect on N
2
O emissions in 
upland soils. Hence, a study is currently in progress to investigate the 
effects of EFB biochar on fertilizer–N recovery and N
2
O emissions, 
using maize as the test crop in an upland cropping system. 
 From the results obtained so far, locally produced biochars 
have shown promising results in improving soil fertility and crop 
growth performance. However, a lot of research is still required 
on locally produced biochars from organic wastes and their effects 
on Malaysian soils and crops, and their potential for soil carbon 
sequestration.  Related research studies currently in progress 
include:
1. Alleviation of Al and Fe toxicity and improved cation exchange 
capacity for nutrient retention through biochar amendment 
techniques
2. Reduction of greenhouse gases (GHG) with biochar under 
flooded and upland rice cropping systems
3. Application of biochar with organic fertilizer in an organic 
farming system
4. Characterization of locally produced biochars
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CONCLUSION
Sustainable management and recycling of organic wastes in 
agriculture is a holistic approach which should be pursued not only 
with the sole objective of converting wastes into wealth but more 
seriously for its various benefits to crop production, the environment 
(clean water and air, and balanced carbon cycle) and, ultimately, 
human health.
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has also received research grants to work on utilization of oil palm 
wastes as a mulch and in composting for conversion into organic 
fertilizers and soilless media under IRPA (1992-2006). She and her 
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documented technical reports and presented a total of 103 papers 
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LAMBERT Academic Publisher, Germany)., and has two chapters 
in books, i.e. ‘Application of biochar as a soil amendment to improve 
crop yield and soil carbon sequestration’ in Advances in Tropical 
Soils Volume 1, UPM (as main author) and ‘Golden apple (Spondias 
dulcis Forst. syn .Spondias cytherea Sonn)’ in  Postharvest Biology 
and Technology of Tropical and Subtropical Fruits, Elhadi M.Yahia 
(Ed), Woodhead Publiser, UK (as co-author).  For the Long Distance 
Learning B.Sc. Agric. Programme, she  has written two modules, 
i.e. ‘Introduction to Soil Science’ and ‘Sustainable Agriculture’. 
Apart from academic publications, she has also written 17 articles 
(from 2003-2008) in the LamanAsia magazine, a popular quarterly 
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has been a member of several university, faculty and departmental 
committees for curriculum, research and postgraduate studies. At 
present, she is a member of the UPM Committee for Research 
Grant Evaluation, UPM (since 2013) and UPM Steering Committee 
for ISO1400 (since 2012), co-ordinator for Faculty of Agriculture 
MOU with East Asian institutions, member of Committee for the 
Master of Land Agriculture Resources Management Programme 
(LARM), and member of Committee for Long Distance Learning 
for the B.Sc.Agric. programme.  She is also a resource person and 
trainer for ‘Organic Farming’ courses conducted by Taman Pertanian 
Universiti (TPU) and the University Community Transformation 
Center  (UCTC), UPM (since 2012). Being active in research 
on biochar and System of Rice intensification (SRI), she was 
appointed as UPM representative in the UPM - FELCRA Research 
Collaboration on SRI Rice production.
 Her commitment towards her research has also translated into 
active involvement  in several local and international professional 
societies, such as the Malaysian Soil Science Society (member of 
management committee in 1982/83 and 1990/93), Environmental 
Management and Research Association (ENSEARCH), Malaysian 
Society of Plant Physiology, International Horticulture Society, 
International Biochar Initiative, International Soil Science Society, 
International Society of South East Asia Agricultural Sciences 
(ISSAAS), and member of Executive Committee SRI Mas. She 
served as the chairman of the organizing committee of the  2nd 
National System of Rice Intensification (SRI) Conference in 
February 2013 and chairman of the Organizing Committee of 
Workshop on Efficient Management on Natural Resources in 
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President of the newly registered Biochar Malaysia Association 
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has also contributed to the community as a member of the Board 
of Muzium Alam Shah, Selangor for two terms (1996 – 2000) 
and  was rewarded with the Ahli Mahkota Selangor medal by the 
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member of PUSPANITA (an association for women in government 
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also the chairman for PUSPANITA National Remote Sensing Centre 
(1990-2006). 
 She officially retired from government service on 19 March 
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